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∧hslr aCt
l‡as ed o nthe topographic cha r a cte rists ofthe W e ngjiangriv erbasin thatisirLte rmitted witllP川
L
Hじ･'
. nJ ba sin s, a nd on a n alys is Of storm s a nd flo ods on the c atchm e nt, the paper pres e nts ”[l.,…L
L
.
itC ulatio n m odel fo r upstre a mgo rge Z O n e Swith deficent data in the vie w of slope r 州 =lr
c o ncentr ation andtotal ru n off input･ Te st co mputatio nis madeforthe mo ods at theShizikou basin
inthe middle and lo w e r re aches･ T hepape rdiscu ss e sthe effe ct ofchannels wi thinte rmittedgo rge
andba sin o nnoo°s a nd r egulatio n ofthe W e ngila ng riv er. It c on clude sthatmo od retu m period
decr e as e sup a nd dow nstre a ms, andsuggeststhatreser voirsin dow n strea m ar e asis r elativ ely s乙-l
'
c I
Key w ords: regio n alflo od, no o°retrurlperiod,noo°r egulatio n,topogr aphic effe ct･
I Intr odu ction
1.o w e r r e a che s of the W e n由iang riv eris cha ra cterised byinterimtted go rge s a nd ba sin s･
'
l
L
hc
cla nghu re se rvoir whichisloc ated in thelo w er r e a che sis a n a rro w and elo ng;ted in shill- - 〟ilh
n乙Irr O W e r e nds･ The gorge chan n el str etchesfo r o v er20 km upstr e a mthe da m, and ope n -I t- 亡
Llltr a n C ewi tha ba sin
,
the S hiz ko u basin . Su ch a topogr aphic conditio n has great enしぐI nJ
'
rLtgulating m ajo rfloods. W he ninputs of ru n offto the basin e x c e ed outno w discha rge1 1ltw しI.i
LIclain ed bythego rge s c a u s e w aterlevelto gro w, spill banks a nd s ubm ergefa r mla ndsin thc
･ hi､Hi]1･
∧ no o° o c c u r edinユu n, 1 964c a u s ed sev e rda mage andgre atlo ss e s･ W hen a no o° o cc u r s, ho w il
defo r m s at char m els with inte r mittedgorge sandba sin s? Qu e stion slikethis sho uld be s olv ed in
citC lme nt hydrologl C pla n n lng a nd m a n age me nt. How e ve r･ witho ut hydr ologlC Su r
veys al the
e ntra n c ebasin
, proble msinflo od c alculatio nforthebasin should be s olv ed u nde r situ ations ol
-
litCk
いrhydrologicdata s oa sto a chie v e Inputfloodpr oc e ss esto the re s e rvoir･
2 Flo od c alc ulait o natShiz ko u
w ith data ofthe su rro L)ndig ga uge s, no o°s atShiz kou c a nbe calc ulated withthe segm ullLilti川-
m cthod. Upstr e a m c atchm e nts ofthe Shiziko u ba sin ar esegm e nted into 3 z o n es
: =) the
w c ngjlang ∑o n e, C atchm ent abo v ethe W e ng)tang ga uge Statio n, with a catchm el-t ar e a20m= -
I
L
(2)the W e ngche ng z on e, c atchnl e nt abo v ethe W e ngche ng gauge station, a r e a533 k
n1
2
; (.i)IIL
･
low erse ctio n, c atchm e nt betw e el=he tw o gauge statio n s a nd S hiziko u, a r e a2000km
2
･ si= ".
n [ r v cyed flo od pr o c esse s e xist althe W el-gJl a ng and Wengche ng ga uge s
tations, the key 叩 )hIし
･ ”1
l
'
”T
･ no o° c alc ulait. nin thelo w e r s e ctionis to m ake su r eho w noo°sfr o m zon e(I)a nd
A
/.m l= コ)
st-re ad in the cha n n els･ To c alc ulate no o° at thelow e r s e ction, the stor m a nd r u n offrc)al
ion
alla)ysIS, a nd ru n offc alculation appr o a ches c a nbe e mployed･ Res ults ar ethe ntake n as total mput
l(=he do Ⅵ 1 Strea m r e a che s. The inputflo odpro c e s s es to the rese rv oir at Shizkou c a n als ohL
l
de rived fr o mprogre s siv edo w n str e a m c alculaito nfro mthe W e ng)l a ng Station a nd the W e ngchc ng
州 io n･ T he pr o c es s of basinflood c alc ulatio n ar e sho w nin r.g･ 1･
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FigL 1 Diagr a m oftheflo odc omputatio n atS hizikou ba sin
2.1 Runoffco mputation
lミu noffco mputatio nis toc alc ulate thelo ss of
rainfallofa storm or ne trainfallon a watershed.
R unoffcoefrl Cie nts of 40 flo odsbetw e e n1964
- 1981a re plotted in afig, 2 whichshow sthat:
(i)dots ar edis cr eted, especiallyfo rbigflo ods
su ch asNo. 646(JuJl e, 1964) whose do tsa re
一oc ated in the le氏 (s m aller R v alu e), and
No･686who se do ts c or)c e ntr ate in the right
(gr e ater R v alu e). (ii)the trend ofthe dot
llいCk de viate fr o m the the o r etical 45 lin e
,
叩 e Cially unstable for the upper part･
Ther efor e, ru noff ofe a ch floodis calc ulated
with ov erflow appr o a che sin ste ad ofs atu r atio n
no w.
R -- P- I, . - I
-
c
･
(c
wher ePr eprese nts r ainfall, Joisinitial ]oss, Fc
･
infiltratio n arldtc n etraindu ration .
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2.2 Slopeflo w com putatio n
slopeflow co mpu atio nis to w o rk out the total flo w
input Of n et rainfau･ Fo rthe situ ation oI
-
shiz ko u, t otal flow Inputis ru n offpro c ess e sof Pet r ainfall no w hltO Ch anrlels a nd re a ch th
e
periphery of back flo w a re a oftheba sin･
sitlC e emPlrlC alno w u nithydr ographsin clude effe ctofaufa cto rs ofslopeno w
affe cting each llL M (1･
ot
･
inte ,n al(the additio nin clin aito nof flo od w a v e)a nd e xtem al(su ch asw aterba ck up,indensity or
s u,fac ea ndgra o u nd w ater, stor m r ainfall distributio netc･)fa cto rs,iftheintem aland e xte m al facto rs
affe cting ea ch flo od run offare c o n stantfor a c atchm ent, the e mplrlCalu nithydr og
raphs of flo od
w o,ked o utfr om e a ch flo od sho uld be c o n sta nt･ Analysis on 39stor m Roods du ring1954
- 1 984
show sthat the e mplnCalu ni.thydrogr aphsfo rcatchm e nts ofal siz es upstream thebasin
aresimilar
in the pattem ･ The refor ethe e n -plric al flo w u nithydr ograph appr o a chis e mp
loyedto calc ulate
slopeflow I
Theprin ciple of unithydrographapproa chis on etim e spanin
-flow(1)produ ces o ut-now ofsev era】
tim espans(Q),
0' -- I,q〝 ＋ SLM I, q. 小′
ther efo re u nithydrographqis e xpr e s s ed as:
qn
- 1/I, (Q. - SLM I,qn-j･l)
w her e mis the n u mber ofn et rainfau tim e u nits, n n umberofout
-flow tim e u nits･ Thr o ugha
te sting an alysIS O n netr ainfallofsub
-totalin - flo w ofthelo w er r e a che s,the3 hou rslopeflow u nit
hydrogr aph isderived:
4
19
6
1 0
8 9
5. 5 4
1 1 1 2
2. 5 2
15 1(1
0. 5 0. 5
AL O 1 2
q(%) 0 4 1 0
The unithydr ogr aph show sthat o n etim e u nit of n et r ai
nfallprodu c e s1 6tim e u nits ofslope ouト
no w whe ndrain ed c ompletely･ Su chslow proc es sofout
-flo w in dic at ethatgr ou nd w ater a c c ou nts
l
･
o ra con sider able ratio, a nd thatpo nded w aterin the basin plays a big r oleinba
cking upthetlo w
duringno odg.
2. ,i C ha n n el f一ood computatio n
po ndinglSare Widespread du ring m ajo rfloods･ W heIIW ate rStageis60 m ,the w ate r s u rf
ac e a re a
is37 k皿
2
,
w he n w aterle v el is70m , the su rfaceis 68km
2
,
a nd whe n78m the s urfaceis318 km
2
･
water stage at shizikou rea ched 77･84 m in 1964, b
a ck no w w ater approa ched the W e n邑
'
I]a ng
statio n
,
W e ngche ngstation andthe Taipingstation,th
e r efo re the su rfa c elin es of mood betw ee neach
statio n a nd Shizik｡ ua, ｡ c ontin eou s withoutfalls(riffles), a nd cha n n el no o° co mputatio nbetw e e
n
thega uge station sand Shizikou c a nbe take n a s
a c o m m o n cha n nel no w c alc ulation･ T he m ethod
is e mployed in the study･
o.7 (i) - C'･q., ([) ＋ C,q,((I) ＋ C201(I)
c - r(A l, k, x), ｢1
'
-- 0, 1, 2)
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.1 Testof 凸oods atShiziko u
3,1 Test of w aterstage
【:igu r e3 indic ate stha tflo od proc e ss e s at Shizikou arein a c cordan ce withtho s e of Hu a ng-g乙InB
ga uge station･ T he m axim u m w atersto r ageis320, 00, 00m
ユ
which w a s s u rv eyed in 1 964, with
m a xim u m w ate r stage77･82m which appro xim atesthe r esult of f一o od in v estigation 77･84m ･ TlC
co mputation alsoindic atesthatthe duratior1 0f w ater stage o v e r75m is about1day, a nd o v er70m
abo ut2 days, w hich agre es withthe r e sults of凸ood in v estlgation m ade forthe 1964m ajo rflo odal
Dazhe n district a nd Qia otou district of Yingde
'
courlty (City). T he te st r e s ults pro v elhe
c ol叩 utatio n m ethods.
3L2 Pe ak discharge test
Wi)te rStage S urveys atShizikou hav ebe en m a.defo r9 ye a rsin ce 1955, with data fro m lli.qいriL
.
llo od inv e stl酔tio n sin c e193l, a w aterle v el s e rie s atShizikou ca nbe de riv ed. Fu rthe r nlO rC.
a I- a)ysis sho w thatthe r atlng C u r v e at Hu a ng-gang stationis closely r elated withthat ofSl 山iko tL.
vヽith a correlation co effic e nt ofQh andZs a shigh asO･99･ Therefor e, wi th e priciples of w ater
bala n c予, dishar苧e at Shiz kou Qs c a nbe de riv ed fr o m discha rge at Hu a ng
-g ang Qh with the
roIIo w lng equation :
Qs - QY7(t -1)＋AVs(i) /△t
T he pe ak dis charge oftheflo od iTIJu n e1 964is calc ulated 8 900m
3/s which is v e ry clo se t o9400
rn-l/s
,
the re s ult of the ru noffapproa che s de s cri bed befor e(diffe r enc e Only 5 00m
3/s). [rthじ
dyn amic sto rage ofthe ba sin w er etake ninto ac c o u nt, the peak dis charge at Shizkou c a】c ulilじtE
fr o m w ate rbalan ce appr o a ches should be greaterto s o m e e xt nt(gr e ater tha n89 00m 3/s).
.
r 仙
ilsopr o v e sthe r eJiabi]ityofthe r u n offm ethod.
4 Analysis ofr eguZation effe ctof
-
basinstoflo ods
(
1
o mparsions betw e erlmoods at S hizikou and Hu a ng-ga ngindicate that the regulation erre cl ol
basins to 丑o oda re.･
(1) The regulatio n effe ctofthe Shiz kou ba sin to noo°s ofthe W engJ
'
iarlgis related n oto nly
io tl-e m agnitudes of storm rain fall, but also to theinte n slty a nddistribution of stor m r ain[
･
alI
(
'
ru ll e ralIy, the highe rthe cla s of sto m lno o°, the gr e ate rtheinte n s lty, andthe clos erthe slol･m
c e ntr etolo w e r reaches, thegr e ate rthe regulatio n effe ct･
(2) Calc ulatio nsindic ate that the Shizikou basinbeginto stor e when thein -flow to thebasin
gr e ate rthar120 0m
】/s, a ndthe r ate ofsto r agein c re a s ewith in -flo w discharge･
(3) Calc ulation results als oindic ate that withtheirl-flow discharge of 1 964 mo odlo lhL
･
ba sin was94 00m 3/s
,
the o ut-flo w dis cha rge w a s redu cedby 45 %bythe r egulatio n effe cl･ W 山一
tll Cin -flo w 5540 m-
1/sin1 968
,
the sto r age regulatio n r edu c ed 1 8 %of i[ W he r e a s, within-Jlow
Jisha rge 3400a nd 4230mL
l/sin 1974al-d 1976
,
the r edu ction by regulatio n ar e only8 %' = L=_l%
川 -】y.
川 Ll r egulatio n effect(pe ak redu ction) orthe S hiz ko u ba sin is that f一o ods in the do w n .1lrL･iLZ ”
(llitnghu r e s er v oir be c o m e m ode rate with sm allerdeviatio n s(Cv), w hich is be n eficia= 1-t
･ (loo°
rn )tectio n ofthe re s e r v oir.
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where q(i) a nd0(E)Ia redis charge at upper a nd lo w er s e ctio n re spectiv ely, s ubscript1, 2 r epr e s cllt
start a nd e ndtim e, E, A, 丘7 are pa ra m ete rs which c an be derived by testing ap pr o a ches･ T he
para meter sderiv ed fr o m s e v e ral no od in1959,1964a nd 1968ar e x
ご 0･1･ A - 4･5⊥5h･ a nd A( = 3/)I
Based on above analysIS a nd rainfall data ofthe c atchJTle nt, the input flo ws
'
at shizikou a re
calc ulated fo rflo ods before a nd aRerthe constru ctio n ofthe C ha nghtl r eser voir(1964, 1968. 1()74
and r976), r e sults ar e sho w nin rlgu r e3 a ndtable1,
Table1 Su m man gation on the ele m e nts of floods alS hiz ko u
1 (ll)
24
b O
1 6
19
1
･
H ll Sub - tr irli los Po sI Los Qm(sh) Qm(ch) AQ AQ(sh) 1lm(sh) >tl□1
川 IL1 366. 2 34. 9
296. 2 6. 8
189 2 7. 5
1 40 l. i
2. 8 9 41 2 5160
0. 3 3 5 5 3 9
0. 80 3 401
0. 9 0 4231
4 252 4 5. 2 77. 8 2 75
4 5 5 0 9 89
31 1 5 286
3690 5 41
(4 6 1 0)
7 0
1 9. 9 7 2. 3B 65
8. 4 65. 34 6 0
1 2, 8 71. 09 65
4F9480
nqS I Ilu A叩 叩 - tio n
80
6OO
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Fig･3 Themo od hydr ogr aph atHuangga n a nd Shiziko ustatio n
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(4)Frequency a n alysis on historic Ro od serie sfo rga ugヲstatio n s(the W e ngii?ng stationt
M a o-yu a n-jie, a nd Huang-gang station) on the W e ngiiang rl V e rderive s the ma x lrnlj m pc{1k
discha rge and retu m pe riod oftheI964 丑ood fo r eachstatio n(table2)･
'
rab. 2 T he flo od recurrer)c eirlte rVal ofthe
n川 )din】9 64 ateachstation
Verlg J18 ng MA D
-
yu a n
- Tlu a n8
-
gang
jie
N
(ye ar)
48 0 4 200 5 16 0
100 4 0 2 0
Facto rs affe ctingthe re cu rr e n c eor llu oJs
at different rea che s of a riv e ris m itlly ;Lntl
div e rs e. How e v e r
,
the distributiol Or .<lo m lH
and catchm e nttopogr aphy a re am ongthe m il
.)Or
elem e nts. The stor m c e ntr e causing the t964
bigflood w a slo c ated o nthe mi ddle a nd upper
re aches, ho w e ve r,the 凸o odrecurren c e
inte rvals de c reas edo wnstr e a min stead ofupstre am , whichilldic ates that the retu m period or(he
W e ngiia ng c atc lme ntis maJOrly defined by the relief･ The pa rtic ula rtopographic featu re s o(
intermittedgorges andbasin sc a uselarge r r etu m pe riods(sucha sthatof1964)to decrease
dow n str e am . How ev er, the trend isbe n eficialfo rmoodprote ctio nfor the do wn stre a mCTla nghu
r eSer VOlr.
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